Antisera specific for the basic peroxidase from horseradish (Amoracea rusicana) were used to examine homology among horseradish peroxidase isoenzymes and among basic peroxidases from root plants. The antisera cross-reacted with all tested isoperoxidases when measured by both agar diffusion and quantitative precipitin reactions. Precipitin analyses provided quantitative measurements of homology among these plant peroxidases. The basic radish (Raphanus sayius L. cv. Cherry Belle) peroxidase had a high degree of homology (73 probe ofhomology among these plant peroxidases. Immunological methods were chosen, because these techniques provide quantitative measurements of homology and their application is simple.
Plant peroxidases (EC 1.1 1.1.7) are important in diverse cellular functions such as lignin biosynthesis, hormone generation, and detoxification of hydrogen peroxide. These enzymes are glycoproteins composed of a single polypeptide chain, and they contain ferriprotoporphyrin IX as a prosthetic group. Each plant has numerous peroxidase isoenzymes that differ in substrate specificity and localization within the plant. In addition, isoperoxidases within some species and those from different species exhibit size heterogeneity. Isoenzyme mol wt range from 30,000 to 50,000
daltons.
Comparative studies of root plant peroxidases have been performed with horseradish (12) and turnip (15) probe ofhomology among these plant peroxidases. Immunological methods were chosen, because these techniques provide quantitative measurements of homology and their application is simple.
MATERIALS AND METHODS
Horseradish Peroxidases. Horseradish peroxidase isoenzymes were purchased from Sigma Chemical Co. Two acidic isoenzymes (types VII and VIII) and a single basic isoenzyme (type IX) were homogeneous when assessed by SDS-PAGE1 (14) and were used without further purification. Isoelectric points for each isoenzyme were determined by focusing in a polyacrylamide gel containing ampholytes that gave a pH 3 to pH 10 gradient (10) . Enzyme concentrations of horseradish peroxidase solutions were determined spectrophotometrically. The A of a 1 mg/ml solution at 403 nm is 2.5 (13). Kinetic constants for horseradish peroxidases were determined by the method of Lineweaver and Burk (3).
Peroxidases (2, 9, 12) . In these same classification systems, the type IX peroxidase is a member of groups C, III, or IV.
Characterization of the Basic Peroxidases from Other Root Plants. The final yields of basic peroxidases from 1 kg each of radish, turnip, and carrot roots were 2.6 mg, 1.8 mg, and 0.3 mg, respectively. In SDS-PAGE, the final products contained only minor contaminants. Some physicochemical properties ofthe basic peroxidases are summarized in Table II . By mol wt comparison, the basic turnip peroxidase corresponds to isoenzyme P7 (6) . By the same criterion, the radish enzyme was identified as isoperoxidase C (12) . Both radish and turnip basic peroxidase preparations were more than 85% pure, as determined by comparison with published A ratio values (6, 7) . Because carrot isoperoxidases have not been characterized, neither the identification nor the estima- (Fig. 1) revealed that antibody specific for the basic horseradish peroxidase cross-reacts with both acidic isoenzymes. Both acidic isoenzymes gave reactions ofpartial identity with the basic isoenzyme. This result indicates that the acidic isoenzymes share some, but not all, antigenic determinants of the basic horseradish peroxidase. In addition, the acidic isoenzymes gave a reaction of identity with one another, i.e. antibody specific for the basic isoenzyme can not distinguish the acidic horseradish peroxidases. The reaction of identity indicates that the cross-reacting sites are common to both acidic peroxidases.
Precipitin tests and anticatalytic assays were then performed to quantitate the extent of cross-reaction. The results of precipitin analyses (Table III) show that 30 to 40%o of the antibodies specific for the basic isoenzyme reacted with either acidic peroxidase. This result confirms that acidic peroxidases could not be distinguished by rabbit antisera specific for the basic isoenzyme. Anticatalytic assays, however, failed to show any homologies between horseradish peroxidases. While three antisera maximally inhibited basic isoenzyme activity 80%o, 64%, and 40o, respectively, neither of the acidic peroxidase activities were affected by combination with antisera. Immunoprecipitation experiments were also performed to determine whether the antibodies inhibiting basic peroxidase activity could be removed from antisera by reaction with acidic peroxidases. The results indicated that antisera absorbed of antibodies reactive with acidic peroxidases retained the ability to inhibit the basic isoenzyme (not shown). The acidic isoenzymes do not have the antigenic determinants of the basic peroxidase that bind anticatalytic antibodies.
Relationships among Basic Isoperoxidases. Double diffusion in agar analyses (not shown) was used to establish that antisera to the basic horseradish peroxidase cross-react with basic peroxidases from radish, turnip, and carrot. Precipitin analyses were then performed to obtain a quantitative measure of the relationships among these basic isoperoxidases. The data from the precipitin analyses (Table IV) revealed that the radish enzyme was most closely related to the basic horseradish peroxidase. Turnip and carrot peroxidases, respectively, are more distant. However, in all cases, the cross-reactions observed among basic peroxidases from different plants were greater than the cross-reactions observed with acidic horseradish isoenzymes.
Anticatalytic assays were also performed to determine whether antibody decreased the enzymic activity of these peroxidases. The results of anticatalytic assays performed with antiserum 4-4 are shown in Figure 2 . Similar results were obtained with other antisera. Antisera 2-4, 3-4, and 4-4 maximally inhibited the basic horseradish isoperoxidase activity 64%, 40%, and 77%, respectively. The same antisera decreased the radish enzyme activity by 50%o, 31%, and 49%. No inhibition of turnip or carrot peroxidases by any antiserum was found. Further experiments to determine homologies among acidic peroxidase isoenzymes from a number of plants using antisera prepared against an acidic horseradish peroxidase are now in progress. These studies may help in the understanding of the functions performed by peroxidase isoenzymes in plants. LITERATURE CITED 
